In Bangladesh, the prevalence of overweight among adults is increasing while underweight continues to be common.
Introduction
The prevalence of overweight (defined by BMI $ 25 kg/m 2 ) (1) among adults in Bangladesh is increasing while underweight (BMI , 18.5 kg/m 2 ) continues to be common (2) . In the Bangladesh Demographic and Health surveys (BDHS) 6 (3, 4) , the proportion of adult females who were overweight was 3% in 1996 and rose to 10% in 2004, and the change was acute in both urban (from 10 to 20%) and rural areas (from 2 to 6%). Although the proportion of underweight adults has declined in recent years (from nearly 50% in 1996), about one-third of adult women were found to be underweight in the 2004 survey (3) . The coexistence of both nutritional conditions is of public health concern and is an issue currently faced in many developing countries (5, 6) . Unlike the majority of these countries, a higher prevalence of undernutrition persists in South Asian countries like Bangladesh and India (2, 3, 7, 8) . It remains unclear whether social, economic, and geographic factors influencing the patterning of undernutrition and overnutrition within a country are distinct for these countries facing a continuing burden of underweight (9) .
Various specific explanations exist for the rise of overweight and obesity in developing countries, including economic development, urbanization, changes in patterns of transportation and work, spread of mass media, and increased consumption of processed and energy-dense foods (7, (10) (11) (12) (13) . Drawing from previous studies (14, 15) , we hypothesized that, in Bangladesh, a person's chance of meeting (or exceeding) their energy intake needed to maintain optimal body weight might be influenced by an individual's socioeconomic status (SES), wealth of his or her neighborhood, and his or her place of residence. Furthermore, the socioeconomic and geographic patterning of underweight and overweight within a country may be influenced by economic development and the stage of epidemiologic and nutritional transition (16) (17) (18) (19) .
Although few studies have directly examined this hypothesis, evidence from India, which has a similar population distribution of body weight to Bangladesh, suggests that patterns of underweight and overweight are strongly socially segregated, with higher SES groups more likely to experience the burden of overweight and lower SES groups facing an increased chance of being underweight despite recent economic growth (8) . Another study from India analyzed the geographic distribution of nutritional status and found underweight and overweight coexisted at the state level, although these 2 conditions were inversely correlated within neighborhoods and neighborhood wealth was associated with increasing BMI (14) . A study of surveillance data in Bangladesh from 2000 to 2004 demonstrated that among a sample of urban poor and rural women, the risk of being overweight was greater for women with higher education compared to women with no education (2) . This study found that the prevalence of overweight was higher in the urban population, with a trend toward increasing prevalence of overweight in both urban and rural areas, with the rural population experiencing a greater relative increase in overweight (2) . These studies suggest evidence of a double burden of underweight and overweight problems in South Asian countries; however, it remains uncertain whether this double nutritional burden exists within distinct socioeconomic groups and at local geographic levels within Bangladesh.
To provide a more comprehensive picture of the distribution of the nutritional burden across the whole of Bangladesh, our aim in the present study was to: 1) examine the effects of household wealth, neighborhood wealth, and place of residence on underweight and overweight among ever-married women in Bangladesh; 2) examine if the association between household wealth and underweight and overweight is modified by place of residence; and 3) assess if problems of underweight and overweight coexist within neighborhoods in Bangladesh.
Methods
Survey population and definition of neighborhoods. Data were from the nationally representative 2004 BDHS of 11,440 ever-married women between the ages of 15 and 49 y from all geographic regions of Bangladesh (3). Primary sampling units (PSU) for the survey were based on enumeration areas from the 2001 Census of Population and covered the entire country (3) . For the present study, neighborhood was defined as the PSU, which comprised ;100 households from villages or groups of villages in rural areas and from municipal wards in urban areas (20) . Demographic and geographic homogeneity of the PSU provided a basis for our operationalization of an individual's neighborhood context as the PSU to which they belong. The motivation for using the PSU to represent neighborhoods in this study was their formation according to administrative units with practical relevance in Bangladesh (villages or municipal wards) (21) . Across urban and rural regions, neighborhoods were roughly equal in terms of number of households, but geographical size was dependent on population density.
The BDHS used a stratified, multistage cluster sampling design to select a sample of 361 PSU from each of Bangladesh's 6 administrative divisions (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, and Sylhet); 122 PSU were selected in urban areas and 239 in rural areas. In each PSU, all households were listed and a fixed proportion (~30 households) was selected by systematic sampling for inclusion in the survey.
All ever-married women aged 15-49 y in selected households were eligible to be included in the final sample. The survey response rate for eligible women was .98%. After excluding women with missing information on the outcome or any predictors considered for analysis (n = 142) and those who were pregnant (n = 709), the final analytic sample comprised 10,589 women. Descriptive characteristics of the sample have been tabulated according to nutritional status for variables considered in the study ( Table 1) .
Outcome. BMI (in kg/m 2 ) was used to classify nutritional status in the sample. Weight was measured using an electronic scale with a precision of 0.1 kg (3). Height was measured with an adjustable measuring board designed for use in survey settings and able to provide accurate measurements to the nearest 0.1 cm (22) . The following WHO cutoff points in BMI classification were adopted for this study: ,18.5 kg/m 2 (underweight), 18.5-24.9 kg/m 2 (normal BMI), and $25 kg/m 2 (overweight) (1).
Exposures. We focused on an indicator of SES at the individual and neighborhood level. Individual SES was based on household wealth defined in terms of household assets and material possessions ranging from televisions to bicycles, type of material used for flooring, and water and sanitation facilities. Household dwelling characteristics, consumer goods, and assets have been shown to be reliable and valid measures of household material well-being in several countries, including India, Nepal, Pakistan, and Indonesia (23) . Each woman was assigned a household wealth score obtained by a summation of scores for each asset in her household, with weights (factor scores) derived according to principal components analysis (24) . The resulting wealth score variable was standardized to have mean 0 and standard deviation 1 (25) . Each woman was assigned a household wealth score and the sample was divided into fifths from poorest to richest.
Neighborhood wealth was obtained by aggregating household wealth scores to the neighborhood level. Neighborhoods were divided into thirds (low, middle, and high) along the aggregated scores.
Place of residence included living environment (urban/rural residence) and geographic region of residence based on 6 administrative divisions in Bangladesh: Barisal, Chittagong, Dhaka, Khulna, Rajshahi, and Sylhet.
Covariates. We considered the following range of individual demographic and socioeconomic covariates: age, marital status, education, decision-making autonomy, religion, occupation, oral contraceptive use, and number of children. Age (15-49 y) was divided into 5-y age groups. Never-married women were not interviewed in the BDHS; therefore, marital status was classified as married, widowed, and divorced/separated. Women's educational attainment was categorized as: no education, 1-5 y, 6-8 y, 9-12 y, and $13 y. We included a variable for decision-making autonomy as a measure of women's status within the household, indicating the number of decisions a woman participated in making, including whether to obtain health care, make household purchases, visit and stay with family and friends, and what to cook (26) . Because Bangladesh is primarily a Muslim country (3), religion was grouped into Muslim and non-Muslim. Occupation was grouped into homemaker, nonmanual, agricultural, and manual workers. A binary variable distinguished users and nonusers of oral contraceptives. Parity in terms of number children ever born to women was also included.
Statistical analysis. The entire sample (n = 10,589) was analyzed first, then analyses were repeated separately for urban (n = 3628) and rural (n = 6961) samples. We calculated the weighted prevalence of underweight, normal, and overweight women within each of the predictor variables using the national weights assigned by the BDHS survey design (Table 1 ). In the major analyses, we used a 2-level multinomial logistic regression of BMI as a categorical outcome, y ij (with t categories: underweight, normal BMI, or overweight), for i individual living in j neighborhood and the statistical software MLwiN (version 2.20) (27) (28) (29) (30) . The probability of being in BMI category s was p ij Multilevel multinomial logistic regression yields 2 types of effects. One, fixed effects, b 0 (s) +b (s) X, are consistent across individuals and interpreted in the same way as coefficients derived in ordinary binary logistic regression: the effect of a 1-u increase in X on the log odds in being in category s (underweight or overweight). These coefficients were exponentiated, exp[b (s) ] and presented as OR. Two, a neighborhoodlevel random effect [u ij u ; s 6 ¼ r: The magnitude and direction of this correlation would indicate the extent to which underweight and overweight coexist within neighborhoods. Clustering at the geographic division level was addressed by including division fixed effects in all models.
The multilevel models in our analysis were estimated using Bayesian methods implemented via MCMC simulation and the MetropolisHastings algorithm (32) . We used diffuse, noninformative prior distributions in all models, meaning we did not favor any particular values for the parameter estimates (32) . MCMC estimation was adopted in this analysis to reduce bias in the estimates of the random effects parameters, which can arise when multilevel models with discrete outcomes are estimated using maximum-likelihood procedures (33) .
In our analysis, model parameters were simulated and empirically summarized to give a description of the estimates and their distributions using 95% probability or credible intervals (int) (34) . Through the use of noninformative priors, the 95% credible intervals (95% int) obtained are approximately equal to classical 95% CI. The presented 95% int can be interpreted as having 95% probability of containing the unknown parameter of interest, in contrast to the CI, which may be interpreted only in relation to a sequence of similar findings in repeated practice (35) . An a of 0.05 was used in all analyses.
Results
Household wealth, underweight, and overweight. Compared with the poorest fifth of household wealth, the likelihood of being underweight was substantially lower for women in the richest fifth in the overall, urban, and rural analyses ( Table 2;  Supplemental Tables 1, 2 ). Increasing household wealth was protective against a woman being underweight in a graded fashion (P-trend , 0.0001 in all urban, rural, and overall). Women in the middle, richer, and richest fifths of household wealth were more likely to be overweight compared to those in the lowest fifth (Table 2) , and this was consistent in the urban and rural analyses (Supplemental Tables 1, 2 ). In the overall sample, the odds of being overweight was 75% higher for women in the middle fifth and over 4 times higher for those in the richest fifth compared to women in the lowest fifth (Table 2) .
Neighborhood wealth, place of residence, underweight, and overweight. At the neighborhood level, residence in the wealthiest neighborhoods (compared to the least wealthy) was significantly and negatively associated with underweight (OR = 0.81) and positively associated with overweight (OR = 1.75), even after controlling for individual-level covariates for the overall sample (Table 2) . A generally similar positive association between neighborhood wealth and overweight was observed when analyses were restricted to the urban and rural subsamples; however, with fewer cases of overweight in the rural sample, the OR were less reliable. In the overall sample, negative and positive gradients were observed for risk of underweight and overweight, respectively, with increasing neighborhood wealth (P-trend = 0.0093 for underweight and P-trend , 0.0001 for overweight). Trends were less consistent in stratified analyses due to smaller sample sizes. Increasing neighborhood wealth, however, was negatively related with underweight in the rural sample (P-trend = 0.18) and positively associated with overweight in the urban sample (P-trend , 0.0001) (Supplemental Tables 1, 2 ).
In the overall sample, rural residence was associated with decreased risk of being overweight for women (OR = 0.72), but we did not observe a significant association with underweight (Table 2 ). Women living in the Sylhet region were more likely to be underweight compared to the reference region of Barisal in the overall, urban, and rural analyses. Women from Chittagong, Rajshahi, and Khulna were less likely to be underweight in overall analyses (Table 2 ) and in analyses restricted to rural areas (Supplemental Table 2 ). Women from Dhaka (and Chittagong in the rural-only sample) were more likely to be overweight compared to those in Barisal (Table 2; Supplemental Table 2 ). Rural-only analyses more closely reflected the geographic patterns of underweight and overweight in the overall sample than urban-only analyses, which were less consistent.
Variation in individual SES and nutritional status relationship by neighborhood SES. Predicted probabilities of being underweight and overweight for ever-married women in each fifth of household wealth were plotted across increasing neighborhood wealth (Fig. 1) . Neighborhood and household wealth were correlated (r = 0.58; P , 0.0001). Plots for urban-only and rural-only samples were produced separately (Supplemental Figs. 1, 2). All plots were derived from tests of cross-level interaction in the relationship between individual-level SES and nutritional status by neighborhood-level SES. Neighborhood wealth was modeled as a continuous variable in this analysis. Increases in neighborhood wealth were associated with decreases in the risk of being underweight for women at all levels of household wealth (Fig. 1A) . There was little evidence that neighborhood wealth modifies the association between individual SES and underweight and a joint test of interaction was nonsignificant (P = 0.65). However, there was evidence that neighborhood wealth modifies the relationship between individual SES and the risk of being overweight ( Fig. 1B ; P = 0.008). The risk of being overweight was greatest among women in the richest quintile of household wealth and increased more quickly for those women as neighborhood wealth increased relative to women in other quintiles of household wealth. For interaction analyses stratified by location of residence (urban or rural), underweight, overweight, and household wealth quintile, the number of women in each subgroup was too small to be reliable, even through patterns were generally consistent with the overall sample (Supplemental Figs. 1, 2) .
Coexistence of underweight and overweight within neighborhoods. We examined the correlation in the random effects parameters for underweight and overweight to assess the coexistence of these 2 aspects of nutritional status within neighborhoods in Bangladesh (question 3). In the multilevel null model (with no explanatory variables), we observed an inverse correlation between the random effects associated with underweight and overweight (r = 20.83; P , 0.001). This relationship between the random effects remained negative in the multilevel models with (r = 20.66; P = 0.008) and without (r = 20.65; P = 0.0098) interaction between household and neighborhood wealth and adjusting for individual and neighborhood-level covariates, indicating that neighborhoods where women were at higher risk of being underweight were more likely to be the neighborhoods where women were at lower risk of being overweight. This is represented graphically (Fig. 2) as a scatter plot of the 2 sets of neighborhood-specific residuals, representing differences from the national mean values for underweight and overweight as predicted by the adjusted models for each of the 361 neighborhoods under study. In this figure, a zero on each axis represents the overall mean for underweight and overweight and each circle represents a single neighborhood (shaded for urban or rural). The strong negative association in residuals, noted in both urban and rural neighborhoods, suggests that the dual burden of underweight and overweight is not widely occurring at the neighborhood level in Bangladesh and that neighborhoods high in underweight or overweight are geographically segregated.
Residual plots for models stratified by urban and rural samples are presented separately (Supplemental Figs. 3, 4) .
Discussion
The present study is, to our knowledge, the first to examine the socioeconomic and geographic distribution of nutritional disorders using a multilevel analytic framework and a recent representative population sample from all of Bangladesh. Our findings demonstrate a clear distribution of nutritional disorders by SES (assessed by household wealth) among ever-married women aged 15-49 y. Women in a low socioeconomic position were more likely to be underweight, whereas women in a high socioeconomic position were more likely to be overweight. This finding is consistent with studies on women and men from other countries using the DHS wealth index as a measure of SES, household food security, and disposable income available for food (14, 15, 36, 37) . Taken together, the evidence suggests that the amount of household income available for food [captured through a reliable and valid measure of household material wellbeing (23)] is related to increased body weight.
Our overall findings indicate that, at the neighborhood level, higher income areas were less likely to have underweight women and more likely to have overweight women, over and above adjustments for a range of individual-level covariates (including women's education, decision-making autonomy, and occupation). This pattern was consistent in analyses stratified by residential location (urban or rural); however, smaller sample sizes led to less statistical precision. Further analyses of the interaction between household wealth and neighborhood wealth revealed that increasing neighborhood wealth was protective against underweight for women from both rich and poor households in a dose-response fashion. This suggests that although improvements in economic circumstances may reduce undernutrition, the benefits of increasing area-level income may be greater for richer families (14) . A similar pattern was revealed in the urban-only analyses; however, in rural areas, neighborhood-level wealth was inconsistently correlated with underweight.
For overweight, we found increasing levels of individual and neighborhood SES were associated with increased risk in a graded manner. Although the probability of overweight increases over the whole range of SES, women in the highest fifth of SES living in wealthy neighborhoods were at greatest risk of overweight within their neighborhood and compared to other neighborhoods. These findings were even more marked in analyses restricted to the urban population. The burden of overweight therefore remains primarily an affliction of the affluent within Bangladesh. In addition, the wealthiest neighborhoods were located in urban centers throughout the country, suggesting that the nutrition transition may be occurring more rapidly in areas of economic development where, e.g., energy-dense foods and motorized transport may be more accessible (7) .
We found that women living in rural areas were less likely to be overweight, consistent with similar analyses conducted in India by Subramanian and Smith (15) . We noted an increased risk of underweight for women living in the Sylhet region in all analyses in accordance with findings from 2 previous BDHS surveys done in Bangladesh in 1996 and 1999-2000 (4, 38) . Furthermore, in the national sample, an elevated risk of overweight observed among women from the Dhaka region supports the idea of a distinct nutritional transition between urban and rural areas in Bangladesh. The region of Sylhet, in northeast Bangladesh, is the least populated division and has a primarily agriculturally based economy (21) . This is compared to Dhaka, the most populous region (39 million), and home to Dhaka city, one of the major urban centers in South Asia. Rapid urbanization in this division may be related to the increase risk of overweight observed.
Within neighborhoods, a distinct pattern of nutritional status was observed. We noted an inverse correlation in the random effects for underweight and overweight, indicating that overweight and underweight do not tend to cluster in the same neighborhoods. This negative correlation was particularly strong in both overall analyses and analyses of the urban sample. The correlation magnitude was reduced in rural-only analyses (from 20.7 to 20.4 and 20.5), which could be an indication of greater population heterogeneity within rural neighborhoods as a result of sampling design, which combined several villages into a single 'neighborhood' in less populated rural areas. Alternatively, the increased negative correlation in urban areas may indicate greater inequalities in terms of socioeconomic position between neighborhoods found within large urban areas.
Few studies have investigated how the double nutritional burden of overweight and underweight is distributed within Bangladesh. Our findings suggest that the lack of coexistence of underweight and overweight may be indicative that, for the country as a whole, Bangladesh is not in an advanced stage of nutritional transition. Urban centers, however, may be at more progressed stages of this transition. Previous studies on the coexistence of underweight and overweight in developing countries have been limited by not describing nutrition status beyond the mean, national-level pattern (7, 9, 12, 18) . A key implication of the neighborhood-level analysis in the current study is that other countries, particularly those with high levels of underweight, may have uneven distributions of nutritional burdens within the country and, with this understanding, nutritional interventions can be targeted in specific localities and among the low-SES or high-SES populations/neighborhoods that are differentially affected by burdens of underweight and overweight, respectively. This study has some limitations. First, although the nutrition transition may affect subsets of the population differently, our findings related to ever-married women of reproductive age (15-49 y), which may limit generalizability, even though our study has the advantage of being nationally representative. The associations observed in our study between nutritional status and individual socioeconomic position are consistent with previous studies on women and men (aged 15-70 y) in Bangladesh and India (8, 14, 39, 40) , thus strengthening relevance of our findings.
Second, BMI was the only measure of nutritional status available. Although BMI is a reliable indicator of body fatness, and a low BMI is likely to be a valid proxy for chronic energy deficiency, BMI does not distinguish between body fat and lean body mass (41) . As a result, some individuals with a low percentage of body fat may have a high BMI. Additionally, South Asians may have a higher percentage of body fat for any value of BMI compared to other ethnic groups such as Europeans and Chinese (42) . Consequently, the risk of developing cardiovascular disease and diabetes may be greater among South Asians than in populations for which the WHO BMI cutoff points were developed (1). However, other measurements of body fat, including body fat mass percentage, waist circumference, and waist:height ratio, have little advantage over BMI in the prediction of obesity-related metabolic risk at the population level (43) , and BMI is therefore appropriate for use in the present study. Sensitivity analyses using additional grades of underweight and overweight produced nearly identical results to those presented. To maintain comparability with previous studies, we used the principle WHO BMI cutoff points.
A 3rd limitation is that we were not able to adjust for food intake pattern, which may have contributed to residual confounding in our study. However, participation in manual work (as a basic measure of physical activity) demonstrated an expected positive association with underweight and a negative association with overweight in this study (this was consistent in analyses stratified by residential location). Finally, the crosssectional nature of this study makes it impossible to establish how the socioeconomic and geographic pattern of maternal nutritional status may have changed over time in Bangladesh.
At the national level, Bangladesh faces problems of underweight and overweight; however, the double burdens of these epidemics are not present within neighborhoods or the same population groups. The finding that the nutritional status of women is related to neighborhood wealth, independent of individual-level characteristics, indicates the importance of the contextual environment in influencing patterns of underweight and overweight in Bangladesh. Describing the socioeconomic distribution of nutritional status among women in Bangladesh is important, because a mother's BMI (both underweight and overweight) may have adverse longterm health consequences for her offspring (44) (45) (46) . For intervention programs to be successful in addressing nutritional disorders and the intergenerational transmission of poor health, there should be consideration of the socioeconomic conditions of neighborhoods and local contexts in which they operate.
